Background: Fewer pauses and better chest compression quality are thought to improve overall survival following cardiac arrest. This study aimed to measure the outcomes of adult nontraumatic out-of-hospital cardiac arrests (OHCAs) treated with 5:1 compressions-to-ventilations (Thumper 1007) or continuous chest compressions with ventilation (Thumper 1008 CCV) mechanical cardiopulmonary resuscitation (CPR) within a specified period of time. Methods: A retrospective observational cohort study of 515 adults with OHCA was conducted at the emergency department of an urban tertiary hospital. There were 307 patients in the Thumper 1007 phase (January 2008 to December 2009) and 208 patients in the Thumper 1008 CCV phase (January 2010 to May 2011). Return of spontaneous circulation (ROSC) and survival to hospital discharge were the primary outcome measures. Results: Patients in the Thumper 1007 and Thumper 1008 CCV phases had comparable results with the following exceptions: less hypertension (42.4% vs. 62.0%), cerebrovascular accidents (11.4% vs. 25.0%), and faster emergency medical service response time intervals (mean, 3.7 vs. 4.5 minutes) with the Thumper 1007. The average ambulance transport time was 6.1 minutes in both phases. The rates of ROSC [35.1% vs. 23.5%; adjusted odds ratio (OR), 1.616; 95% confidence interval (CI), 1.073e2.432] and survival to hospital discharge (10.1% vs. 4.2%; adjusted OR 2.431; 95% CI, 1.154e5.120) were significantly higher with the Thumper 1008 CCV than with the Thumper 1007. Favorable neurologic outcome upon discharge, defined as cerebral performance category scores of 1 (good performance) or 2 (moderate disability), was not significantly different between the two phases [1.6% (5/307) vs. 1.9% (4/208); p ¼ 0.802]. The Thumper 1008 CCV provided significantly faster average chest compression rates and shorter no-chest compression intervals than the Thumper 1007 after activation. Conclusion: In an emergency department with short ambulance transport times, continuous chest compressions with ventilation through mechanical CPR showed improved outcomes, including ROSC and survival to hospital discharge, in an adult with OHCA. However, there are a variety of confounding influences that may affect the validity of conclusions that have been drawn.
Introduction
Over 300,000 Americans have an out-of-hospital cardiac arrest (OHCA) each year, and less than 5% of that number are discharged alive from the hospital. 1 The quality of cardiopulmonary resuscitation (CPR) plays a crucial role in reducing patient mortality rates. Fewer pauses and better chest compression quality are thought to improve overall survival following cardiac arrest. 2, 3 However, rescuer fatigue can lead to degradation in compression quality. 4 Wik et al have reported that during OHCA resuscitation, chest compressions are delivered for only half of the time, and most of these compressions are too shallow. 5 Mechanical automatic devices can optimize CPR performance by providing standardized CPR and by conserving human resources to allow the rescuers to concentrate on advanced life support measures. 6, 7 The Thumper (Michigan Instruments, Grand Rapids, MI, USA) is a gas-driven automatic mechanical CPR device 6 and is the only device licensed for use in Taiwan by the regulatory authority. The Thumper is the best known device that provides fairly comparable resuscitation to manual CPR. 6, 8, 9 A large, population-based cohort study demonstrated a continuous increase in OHCA survival with improvements in the chain of survival. 10 Experimental and clinical data demonstrated that prompt and forceful chest compressions with minimal interruptions could improve myocardial perfusion and outcomes. 3 The Thumper could maintain constant chest compression rates for as long as needed and minimize the nochest compression intervals after activation.
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Since 1995, the emergency department (ED) of Taipei Veterans General Hospital has been equipped with a mechanical CPR device (Thumper) for OHCA resuscitation as a laborsaving device because of ED overcrowding. A new model, the Thumper 1008 (continuous compressions with ventilation, CCV) can deliver continuous uninterrupted mechanical chest compressions at 100/minute with 9 asynchronous ventilations/minute for advanced airway application. After cardiac arrest, uninterrupted chest compressions with restoration of myocardial blood flow may facilitate the restoration of spontaneous circulation. 12e15 The change in the Thumper device from Model 1007 with 5:1 compressions-toventilations to Model 1008 CCV on January 1, 2010 for performing chest compressions in the ED provided an opportunity to study the clinical outcomes of patients treated before and after this transition.
The purpose of the present study was to describe the outcomes in adult nontraumatic OHCA cases treated with either 5:1 compressions-to-ventilations or continuous chest compressions with ventilation mechanical CPR in a limited period.
Methods

Study design and setting
From January 2008 to May 2011, a retrospective observational cohort study was conducted in the ED of Taipei Veterans General Hospital, a tertiary care medical center located in Taipei City, Taiwan, with 2700 admission beds and an ED annual census of approximately 80,000 patients. Taipei City is covered by a fire-based, two-tiered emergency medical service (EMS) system. 16, 17 Upon arrival at the scene of OHCA, emergency medical technicians (EMTs) routinely start manual CPR and deploy automatic external defibrillators. The EMTs are not allowed to stop CPR during transport to the hospital. Taipei City has the highest density of hospitals in Taiwan, with correspondingly short ambulance transport times.
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The Thumper was set up immediately for all OHCA patients arriving at the ED. Thumper deployment and definite airway placement time were usually <30 seconds after arrival. Before thumper deployment, manual cardiac massage and bag-valve-mask ventilation were performed during the transitional period. From January 2008 to December 2009, the Thumper Model 1007 with 5:1 compressions-to-ventilations was used. From January 2010 to May 2011, Model 1008 CCV was used. Except for the Thumper mechanical CPR, other resuscitation protocols were compliant with the advanced cardiac life support recommendations over the study periods at the ED. The institutional review board of Taipei Veterans General Hospital approved the study and waived the informed consent.
Study population
Adult patients aged !18 years with nontraumatic OHCA of all rhythm, defined as patients with absent pulse, unresponsiveness, and apnea who received either CPR, defibrillation, or both, were eligible for inclusion. Exclusion criteria were traumatic cardiac arrest, age <18 years, pregnancy, early return of spontaneous circulation (ROSC) before ED arrival, and patients with do-not-resuscitate orders.
Data collection
Data were recorded from EMS reports and hospital records included patient demographic data, initial rhythm recorded by automatic external defibrillator on arrival, EMS response time interval, and ambulance transport time interval. Primary outcome measures were ROSC and survival to hospital discharge, while secondary outcomes included survival to hospital admission and cerebral performance category scores on discharge. Variable and outcome definition followed the Utstein recommendations.
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A commercially-available adult CPR training mannequin with CPR sensing and recording capabilities (Resusci Anne SkillReporter; Laerdal, Stravanger, Norway) was used to assess the Thumper CPR quality. The chest compression count and length of hands-off periods/minute during use of the Thumper CPR were also collected.
Statistical analysis
Continuous variables are reported as mean AE standard deviation, or median (range) when appropriate. For categorical variables, count and percentage were computed. The groups were compared using the Mann-Whitney U test for numerical data and the Pearson's c 2 -test or Fisher exact test, as appropriate, for categorical data. Multiple logistic regression was used to adjust for relevant covariates and adjusted odds ratios (ORs), and 95% confidence intervals (CIs) were given for all endpoints. All statistical analyses used the SPSS 13.0 version software. A two-tailed p < 0.05 was considered significant.
Results
There were 515 adult nontraumatic OHCA patients treated at the institution during the study period, including 307 in the Thumper 1007 phase and 208 in the Thumper 1008 CCV phase. Based on their characteristics, there were no significant differences in age, sex, arrest location, witnessed arrest, bystander CPR, initial rhythm, and ambulance transport interval (Table 1) . Patients in the Thumper 1007 phase were less likely to have comorbidities of hypertension (42.4% vs. 62.0%, p < 0.001) and cerebrovascular accident (11.4% vs. 25.0%, p < 0.001). There were faster EMS response time intervals (mean difference, 48 seconds) during the Thumper 1007 phase. To adjust for group differences, major comorbidities and EMS response time were incorporated into the logistic regression models. The average ambulance transport time was 6.1 minutes in both phases.
Clinical outcomes in the Thumper 1007 and Thumper 1008 CCV phases were compared (Table 2) . After adjustment for differences in major comorbidities and EMS response time intervals, rates of ROSC (35.1% vs. 23.5%; adjusted OR 1.616; 95% CI 1.073e2.432) and survival to hospital discharge (10.1% vs. 4.2%; adjusted OR 2.431, 95% CI: 1.154e5.120) were significantly higher with the Thumper 1008 CCV than with the Thumper 1007. Favorable neurologic outcome at discharge, defined as cerebral performance category scores of 1 (good performance) or 2 (moderate disability), was not significantly different between the two phases [1.6% (5/307) vs. 1.9% (4/208); p ¼ 0.802]. The ROSC, survival to hospital admission, and survival to hospital discharge rates in 4-month intervals are shown in Fig. 1 .
In the simulated mannequin model, the total number of chest compressions over time in the Thumper 1007 and Thumper 1008 CCV models were determined (Fig. 2) . Thumper 1008 CCV showed a significantly faster average chest compression rate (100/minute vs. 70/minute, p < 0.001) than the Thumper 1007 after activation. The proportion of no- chest compression intervals in the Thumper 1008 CCV was significantly shorter than in the Thumper 1007 (0% vs. 35%, p < 0.001; Fig. 3 ).
Discussion
The present study demonstrates improved survival outcome in adult nontraumatic OHCA cases in a metropolitan ED with short ambulance transport time after using a new model Thumper CPR with continuous uninterrupted chest compressions and asynchronous ventilations. In randomized studies on pigs, there were significantly better coronary perfusion pressure, PaO 2 , global ventilation/perfusion values, and 24-hour neurologic outcome with continuous chest compressions compared to standard CPR. 12, 14 Meta-analysis from three randomized clinical trials provide evidence that dispatcherassisted chest compression-only bystander CPR is associated with improved survival rates in adult patients after OHCA compared to standard CPR. 15 To date, this study is the first to evaluate different Thumper models during actual OHCA efforts. The results are consistent with previous reports that uninterrupted chest compressions with restoration of myocardial blood flow may facilitate ROSC after cardiac arrest.
12e15, 19 The establishment of adequate cerebral circulation as quickly as possible after cardiac arrest is mandatory for good neurologic outcome. The survey of Survivors of OHCA in the Kanto Region of Japan study reveals that compression-only CPR may be the preferable approach to resuscitation for adult patients with witnessed OHCA, especially those with shockable heart rhythm or who underwent short periods of untreated arrest due to what appears to be a better neurologic prognosis. 19 Other studies support the "cardiocerebral resuscitation" strategy, which focuses on compression-only CPR in the initial phase of resuscitation. 20 However, favorable neurologic outcome at discharge is not significantly different between the two phases in the current study. However, less shockable rhythm and poor lay rescuer bystander CPR in the study population may be two major contributory factors that impact patient neurologic outcome.
The present study explored the effect of different Thumper CPR used in the ED setting for OHCA resuscitation. However, resuscitation in the ED is considered a relatively late phase of OHCA treatment. Axelsson et al have suggested that mechanical chest compressions be started at an earlier stage if the device is placed in the first responding tier. 21 However, a resuscitation strategy using an automated chest compression device during EMS care shows conflicting results compared to manual CPR. 22, 23 Additionally, the Thumper may require considerable time to deploy in the prehospital environment, which may cause a substantial interval where no chest compression are applied.
11
The average ambulance transport time was 6.1 minutes in both phases of this study. After EMS activation, all enrolled patients received high quality manual CPR by qualified EMS personnel prior to ED arrival. Evidence from animal experiments and observational human studies have highlighted the preferable role of uninterrupted chest compressions in early bystander-initiated resuscitation of OHCA. 12, 19, 24 The results show that while utilizing assisted ventilation, continuous chest compressions are superior to interrupted chest compressions for OHCA resuscitation even in an ED setting.
Chest compression rate and depth are not assessed in most human observational studies of OHCA resuscitaton. 19, 24 Observations of rescue personnel indicate that maintaining consistent compressions is a difficult task. 25 Chest compressions often do not achieve guideline recommendations with regard to depth, rate, and hands-off time. 5 Mechanical chest compression potentially overcomes operator fatigue and slow rates, as well as inadequate depth of compression. The Thumper used in this study can maintain constant chest compression rates for as long as needed and can also minimize the no-chest compression intervals after activation. 11 These results arise from the fact that, after Thumper activation, there will be rigorous assurance of CPR quality.
This study has several limitations. First, data were collected via retrospective chart review and some clinical presentations or records may not have been documented completely. Second, although the mechanical CPR device decreased pauses once installed, the prolonged no-flow time early in resuscitation due to deployment may negate any benefit the device provided in the prehospital environment and ED setting. 11, 26 Use of the Thumper device has been adopted in the ED for OHCA resuscitation since 1995, and the ED personnel are all well-trained for rapid application; Thumper deployment is usually <30 seconds. In addition, all patients in this study received Thumper for chest compression during CPR. No-flow time during Thumper deployment might exist in both study phases. Third, some OHCA treatment and postecardiac-arrest care protocols were updated in October 2010. An average 14 months may be necessary to implement the new guidelines into the field practices of EMS agencies. 27 No postresuscitation hypothermia was used in either study phase. However, we could not exclude that changes in overall outcomes might be derived from the improvement in resuscitation protocol over the study period. Fourth, 30:2 compressions-to-ventilations CPR were recommended by the 2005 American Heart Association guidelines. No conversion change for Thumper was done in the ED before this upgrade from the Thumper 1007 to Thumper 1008. Thus, the comparison of continuous chest compression with asynchronous ventilation to 30:2 CPR was not included in this study. Fifth, we compared the data collected from different periods. Several confounding factors might exist in this before-and-after observational study, including the experience of the EMTs in CPR, change of advanced cardiac life support protocol, and feasibility of extracorporeal membrane oxygenation.
In conclusion, in an ED with short ambulance transport time, resuscitation with continuous chest compressions and asynchronous ventilation mechanical CPR does improve outcomes, based on ROSC and survival to hospital discharge, compared with using 5:1 compressions-to-ventilations mechanical CPR, in adults with OHCA. However, there are a variety of confounding influences that may affect the validity of the conclusions that have been drawn.
